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In earlier communications observations were presented indicating 
the presence in inflammatory exudates of a  crystalline nitrogenous 
substance  capable of inducing increased capillary permeability and 
active migration of leukocytes through the endothelial wall.  In view 
of its chemotactic properties this substance was named leukotaxine. 
The accumulated body of evidence suggested that it represented an 
intermediary product of protein  catabolism,  belonging probably  to 
the group of relatively simple polypeptides  (1-5).  The purpose of 
this short paper is to present further observations in support of this 
concept.  Normal  blood  serum  contains  a  negligible  quantity  of 
leukotaxine.  Subjected, however, for  a  limited interval to  the  ac- 
tion  of proteolytic enzymes,  for  example  trypsin,  blood  serum  be- 
comes  turbid  doubtless  owing to  the  formation  of  numerous  split 
products of protein breakdown.  Such partially digested blood serum 
injected into normal skin induces prompt increased capillary perme- 
ability as well as marked leukocytic migration. 
EXPERIMENTAL 
Three types of experiments were set up as follows: 
1.  Serum was obtained from blood withdrawn by cardiac puncture from either 
rabbits or dogs.  1  A saline solution of trypsin (Merck)  2 was added to a  test tube 
* Aided by grants from the Milton Fund of Harvard University, the Permanent 
Charity  Fund  and  the  Wellington Memorial  Research  Fund  of  The  Harvard 
Medical School, the Committee for  Scientific Research and the  Council of Phar- 
macy and Chemistry, American Medical Association, and from the International 
Cancer Foundation. 
i Several experiments were likewise performed with horse serum. 
2 This  material doubtless  contains  besides  trypsin  a  number  of  extraneous 
substances. 
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containing  an equal volume of blood serum.  Three types of controls were set up. 
These consisted of serum and saline, of serum alone, and of trypsin and saline. 
The solutions were all incubated overnight at 37°C.  A  separate sample of un- 
treated serum and one of the trypsin solution were kept in a  refrigerator.  On 
the following day the incubated solution of serum and enzyme appeared distinctly 
turbid; all the others were dear.  About 0.4 cc. of each sample was injected intra- 
cutaneously into the dermis of the abdomen of a white rabbit.  This was followed 
by the intravenous injection of 15 cc. of 1 per cent trypan blue in saline.  The 
rapidity and intensity of local staining served as a  rough measure of the rate of 
filtration through the endothelial wall.  This test, as previously pointed out, is 
useful as  an index of  alteration in capillary permeability.  About 40  minutes 
later, the cutaneous areas were excised and fixed in 10 per cent formaldehyde for 
microscopic study.  The protocol of a type experiment is summarized in the fol- 
lowing table.  The number of plus signs indicates the intensity of local cutaneous 
staining. 
Rabbit 16-83. 
Cutaneous area inoculated 
with 
15 cc. of 1 per cent trypan blue 
introduced at 10:50 
Time of 
[Presence of dye in inoculated area at  inoculation 
10:51 
hrs.:mln. 
Rabbit serum +  trypsin  10 : 43  ++ 
in saline; incubated 
Rabbit serum +  saline;  10 : 44  0 
incubated 
Rabbit serum;incubated 10 : 45  0 
Frypsin  in  saline  +  10 : 46  Trace  at 
saline; incubated  periphery 
~erum;  preserved onice  10 : 47  0 
Frypsin in saline; pre-  10 : 48  Trace 
served on ice 
;aline  10 : 49  0 
10:54  11:10 
+++  ++++ 
0  0 
0  0 
Trace  + 
to + 
0  0 
Trace  Trace 
to + 
0  0 
Migration of polymorpho- 
nuclear leukocytes 
Skin areas exci~-~d  at 11:20 
Extensive 
None 
Few  adhering  poly- 
morphonuclears  to 
endothelial  wall 
but  no  outward 
migration 
None 
None except for a rare 
and isolated cell in 
the  perivasculal 
tissue 
The results of these observations indicate that  the intracutaneous 
inoculation of  the  tryptic digest of  blood serum induces a  rapid in- VALY MENKIN  155 
crease in capillary permeability subsequently followed by active leuko- 
cytic  migration.  The  crystalline substance,  leukotaxine,  recovered 
from  inflammatory  exudates,  manifests  precisely  similar  biological 
properties  (3,  4). 
2. A specimen of blood serum was distributed  into  three  containers.  One 
part was treated  with  a  solution of trypsin  and  incubated  overnight  at  37°C. 
Another was preserved in a refrigerator.  The first and third sample were each 
fractionated with pyridine and acetone in accordance with the scheme previously 
described for  the  extraction  and  partial  purification of leukotaxine  (3).  The 
final crystalline products contained probably a considerable admixture of sodium 
chloride inasmuch as further  purification with  butyl alcohol was omitted  (3). 
The so called branched  crystals, which are  presumably  sodium chloride asso- 
ciated with the active material,  were abundantly  present. 
It  is  of  interest  to  note  that  the  tryptic  digest  of  blood  serum 
yields, on analysis, an acetone crystalline residue distinctly less soluble 
in  water  than  that  recovered  from  undigested  serum.  It  is  to  be 
recalled in this  connection that purified leukotaxine,  extracted from 
an  exudate,  is  relatively  insoluble  in  water  (3).  The  admixture  of 
leukotaxine with sodium chloride yields a  distinctly less soluble sub- 
stance than the same salt, but essentially leukotaxine-free, recovered 
from normal serum  (5).  Furthermore,  the  crystalline fraction  from 
the tryptic-treated serum was acid to phenol red in contradistinction 
to  the  alkaline  reaction  of the  normal  serum  fraction.  In  brief,  a 
comparison of the two types of end-products clearly indicates definite 
differences brought  about by tryptic  digestion  of blood serum. 
The results of an experiment are tabulated on page 156.  The results 
indicate  that  the  recovered  crystalline  acetone  residue  from  the 
tryptic digest of blood serum  is potent both in increasing  capillary 
permeability  and  inducing  migration  of  polymorphonuclear  leuko- 
cytes.  On  the  other  hand,  the  crystalline  solution  derived  from 
normal  blood serum  essentially fails to induce  leukocytic migration. 
In  the  tryptic  digest  of  blood  serum,  there  is  thus  found  a  factor 
indistinguishable  in its biological behavior from leukotaxine,  in turn 
recovered from exudates (3).  On the basis of these findings, the for- 
mation  by  enzymatic  action  of  this  active  substance  from  normal 
blood serum does not seem an improbable inference. 156 
Rabbit 16-88. 
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Cutaneous  area inoculated 
with 
Physiological saline 
Crystalline residue of 
tryptic digest of blood: 
serum; in saline 
Crystalline residue of 
untreated  blood se- 
rum; in saline 
Blood serum 
15 cc.  of 1 per  cent  trypan blue 
intravenously  injected  at 1  i:  28 
Presence of dye in inoculated  area at 
0 
Trace 
11:32  11:51 
Tiny  cen- Tiny cen- 
tral speck  tral speck 
+  to ++  ++  to 
+++ 
Faint trace  Faint trace 
Trace  at  +  at  pe- 
periphery  riphery 
Migration of polymor- 
phonudear leukocytes 
Skin areas excised at 
12:12 
None 
Considerable 
Practically  none 
3.  In an  earlier preliminary note  (6)  we  stated  that  a  solution  of 
crystalline  serum  albumin  is  unable  per  se  to  increase  endothelial 
permeability.  When, however, it is incubated with trypsin or urease, 
it acquires definite potency.  Trypan blue accumulates readily from 
the circulating blood into cutaneous areas previously inoculated with 
the  enzyme-treated solution  of  crystalline  serum  albumin. 3  At  the 
time  of  these  observations  microscopic  studies  had  been  omitted. 
Several of these  earlier observations have now been  repeated with a 
few technical modifications. 
A sample of crystalline trypsin was obtained through the courtesy of Dr.  J. 
H. Northrop (7).  This purified enzymatic preparation was added to an aqueous 
solution of crystalline serum albumin which had been previously freed of SOY by 
prolonged dialysis  against distilled  water.  The mixture was incubated for a day 
at 37°C. and subsequently about 0.5 cc. was injected into the dermis of a rabbit. 
The results of an experiment are summarized in the following table. 
s This crystalline protein was obtained through the courtesy of Professor E. J. 
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Rabbit  16-30. 
Cutaneous area 
inoculated with 
Crystalline serum 
albumin in dis- 
tilled water; in- 
cubated  for  1 
day 
Erystalline serum 
albumin in dis- 
tilled  water  + 
crystalline tryp- 
sin;  incubated 
for 1 day 
Crystalline trypsin 
in distilled water 
Distilled water 
Time of 
inoculation 
hr $ . : ~r~  in.  : $r.~ . 
9:58:40 
9:59 
10 : 00 
10  : 00 :  15 
8 cc. of 1 per cent trypan blue intravenously 
injected at 10:02 
Presence of dye in inoculated area at 
10:09  I0:1S  10:28 
0 and 
blanching 
--[- at  pe- 
riphery 
Faint trace 
at  pe- 
riphery 
0 and 
blanching 
0  and 
blanching 
q--q-  at 
periphery 
Trace  to 
+  at pe- 
riphery 
0  and 
blanching 
0  and 
blanching 
++  to 
-[- +-b  at 
periphery 
Trace  to 
-{- at pe- 
riphery 
Trace  at 
periphery 
Migration  of poly- 
morphonuclear 
leukocytes 
Cutaneous  areas 
excised at 10:35 
None 
Adherence  tc 
endothelium 
and  outward 
migration  ot 
cells 
None 
The foregoing observations  show that  an inactive serum protein 
split by enzymatic hydrolysis yields a digest capable, upon cutaneous 
inoculation, of moderately increasing capillary permeability followed 
subsequently by migration of polymorphonuclear cells.  This finding 
lends  support  to  the  hypothesis  that  leukotaxine,  recovered from 
inflammatory exudates, is an intermediary product of protein catabo- 
lism  (3).  Previous studies indicated that leukotaxine probably be- 
longs to the group of relatively simple polypeptides (2, 3).  In the 
various  experiments performed,  such  for instance,  as  the  one pre- 
sented above, on the incubation of crystalline trypsin with a solution 
of crystalline serum albumin, the end-products of the tryptic digest 
did not invariably induce leukocytic migration.  The increase, how- 
ever, in capillary permeability seemed to be a usual occurrence.  It is 
therefore  conceivable that  the  potency  of  the  purified  crystalline 
enzyme is  such  as  sometimes  to  produce  a  high  concentration of 
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hydrolyzed polypeptides of the leukotaxine type.  It is to be recalled 
in  this  connection that  alphc~-amino  acids  per  se  induce increased 
capillary permeability; but there is no available evidence that they 
likewise are accompanied b'y rapid leukocytic migration (8).  Further 
studies are now in progress to clarify this question. 
It is possible that  the method herewith described may prove of 
practical significance.  The conversion and extraction of leukotaxine 
from  blood  serum  subjected  to  preliminary  tryptic  digestion may 
perhaps be a  convenient method of obtaining an abundance of this 
active substance. 
CONCLUSIONS 
Blood serum digested  by trypsin  yields  split  products which, when 
injected  into  thc skin  of normal rabbits,  rapidly  increase  the perme- 
ability  of small  cutaneous vessels. This is likcwisc  followed in the 
affected  tissuc  by prompt local  migration of polymorphonuclear leu- 
kocytes. 
The tryptic  digest  of blood serum can bc purified  by mcthods prc- 
viously described (3). The resulting  crystalline  substance alters  the 
permeability  of  the capillary  wall  and favors  local  migration of  Icuko- 
cytes in a manncr similar  to leukotaxine proper.  The present ob- 
servations  indicate  that leukotaxinc,  or a substance having at least 
identical biological  properties, appears  to have  bccn  formcd  by 
protcolytic enzymatic  action on  an otherwise relatively inactive 
blood serum.  This finding  serves  as additional  evidence in support 
of the view that Icukotaxinc,  recovered from inflammatory exudates, 
is probably an intermediary product of protein catabolism. 
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